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(54) FREQUENCY CONVERTER AND RADIO 
RECEIVER USING THE SAME 

(57) Abstract 

PROBLEM TO BE SOLVED: To reduce the secondary 
mutual modulation distortion and to evade the 
suppressing effect of sensitivity caused by the signals 
of adjacent channels by composing the 1st and 2nd input 
signals to amplify this composite signal after adding 
the DC offset to it and eliminating the undesired 
components out of the signal of an amplifier having a 
fixed amplitude to obtain a desired signal. 

SOLUTION: A high frequency signal and a local 
oscillation signal are inputted to a signal composing 
means 10 as the 1st and 2nd input signals r es pe c ti vely. 
The means 10 composes both input signals and outputs a 
composite signal. An offset addition means 40 adds the 
DC offset to the composite signal based on an offset 
control signal. An amplitude limiting amplifier means 20 
amplifies the composite signal having the DC offset and 
outputs an amplified signal of a fixed amplitude. A 
filter means 30 inputs the amplified signal out putted 
from the means 20 and eliminates the undesired 
components out of the amplified signal to output a 
desired signal component. Then frequency converter 
serving as a signal composing means controls the bias 



current to reduce the secondary mutual modulation 
distortion that is caused by the dispersion of components. 

COPYRIGHT: (C)1998,JPO 



T 



-1- 



Title of the Prior Art 

Japanese Published Patent Application No. Hei . 10-209901 
Date of Publication: August 7, 1998 

Concise Statement of Relevancy 

This prior art discloses, in Figure 4, a frequency 
converter comprising comparators 16 and 17 which perform 
frequency conversion by comparing two input signals, and a 
filtering means 30 which synthesizes signals outputted from the 
comparators 16 and 17 and removes unnecessary signal components. 
Further, this prior art discloses, in Figure 5, a specific 
construction of the frequency converter in which a LPF 30 
comprising a resistance and a capacitor is formed in an output 
load parts of the comparators 16 and 17. 
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^cd-<-^^v KW-s-icasft-ra* 2 

mriB»id3J:at*2rojai**aE«HB«:, ^icdA*4S^ 
20 te# l cDA7iif ^£A;d 2 cd Assumes? 2 cda^; 
flr-^SrA^LT, jBlXt5«2<0A*(t*S:H:tS!i-5SB 
lcDJttS^i, ^ 1 CDA77«^{-^ 2 cDA^m-^-^A 
*LI2 cDA^S^tc^ 1 cDA^ff -^-cDK^f #SrA^J 

1 cDtt:Si5#ai:StflE^ 2£DJtt5#gcD^:ti-?r*ncD/jN 
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>9 A^l^ix-SRFff-^&^cD^— ^lcA^-t-5^1CD h 
y^i^^^Trli, ^ 1 *3 2 (OMU^M (Lo, 
*Lo) {f-^-A71^2*3j;t^3 <t 9 A^J^ixS^SfP^ 
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*3,tt/Tr3i:, *{ix.TV>5„ ^i*5, «SU«fi«** L 
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-2- 



(3) 



10-209901 



and Design Analog Integrated Circuitsj JC^E^ 

iB-TSo stria = ^^^ttflttt. A^ssgs jc^o-cms 
mjjicm&ztixmjivoui tvxmtti^ti^o Mia* 



*Tr 5 J: t)«^**tTV^ 0 

(i) jcJ;9*-rcfc*s-e#S. 

[0 0 0 5] 



VOUT(t)=KXF(t) x (irf(t) + I ee} 



(1) 



7d 



fc/cU I rfte h7V^^T r 1 On Pfab&t) 

zthzmmmt^mfitx&v , ieeiih7y^^Tr 

10=3U^^^JSEtt§^T^«gfET*feoT, F(t) f* 

^itizmwc, K&ifk$i&\mc£oX7£%.z>jE%cxfoz> 0 

[0 0 0 6] F(t) ttAtt%^#(OA&&aS£E 

K /2 • A(t) [cos {2 7c(frf-f)t} 
<S«iiia^>r^Srfflv^_hS: (2) KiottS TA(t)co 

s{2 7i(frf-f)t} j (Dm^^^^m-r^ tic*. *k 

f rf r O*aijfifl**<?!>ft#S: r f r f- f j £>ttt&ttja& 
[0 0 0 8] 

{f#S (Direct-Conversion Receiver) fciffli^fcii^ As 
ad Abidi^F TLow-PowerRadio-Frequency IC's for Port 
able Communucationsj (Proceedings of the IEEE, vo 
1.83, No4, April, 1995) tbtiX^Z X o m 
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y = (x + xoff ) 3 =: 
<b#9, xoff ^.tt^J-T^x 2 Wafc5iti:4 

[ooio] rco/ci6 N jfju? h=i>v<— ^ 3 vgff 

[0011] *S8Wra: s 2»4BE*Pa*/h* < u m 
**»*5 io'rMffli/ ^fc«f«*««*«4fc-r 3 - 1 £ 40 

[0 0 12] #3SW«U *V hay/^g 

^Srffttltc: *3 it 3 § B tf> FpIJH £r 0®^- -5 , /Jn 

rtiSr/Hv ^ttMBHt «ISr*tti- £ r^^lWilt 
[0 0 13] 

2 coA^Ib^- £ £A^ U^ilioJ; t>*^ 2 <7>«-5§- 50 



r s in(27cft)j^I rfb<7)mXhZ> 0 titz 

\.itemnmmmm%tx&z 0 — ri r f=A(t) 

sin (2 it f rf t) j t-tzt. TE<05£ (2) ©J: 5 
[0 0 0 7] 

-cos {2 7c(frf+f)t}} (2) 

+m£ftxmm&mw&^Ajj£tiz >0 r<o«*tt**<o 

»as*«fS#i:jS-&S^T, tUgfc (DC— Direct Cur re 
nt— ) t7ty hi45 0 T^^jgffl^SSS 

ftlZs #S¥8- 3 1 2 2 7 S^ffifg^iXTV^o 
[0 0 0 9] «KW«^*iM^*5V^tt, J0RS6?HC«:2 

+ 3 xoff 2 x + xoff 3 ■-• (3) 



[0 0 14] Sfc, M^9l2|cfiRSMttjRKIft»M:. ± 
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m 1 ^AASfd 1 OAAfff^A* 2 

OA^Iff^A^ 2 (7)A^^-7-{:^ 1 coA^iif-^o 
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Kfeff-^A^U A^$ixfc^f^-Sritt5-rs^2 0 
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[0 0 16] £fc, M**4t;:ffiSjq&8:g&mj:, IS 

WIS® l33«kt*&2 co Jfc$E^©0VWT;*ttSfE& 70 SrA^-fS i«5Ji&A;>3tE)Sg t , r coiiSJiafeA^lslgSSr^r 

[0 0 17] £k»d, ffi*3(5K:ffi<5H&8:giftmi, W1B»»»JBft-S-©fi[*BSrV7 h ^-frfcflr**- 

mm^ti,cmmw.ffi,*7-ty h&mn-i-zz.bicx'om i^t, ffliafM:fcJ:i> , lg2cDjij£»f^gii, SiroA 

B/Ht**ll»«rMOTS ^ bZ&mt Ltv^S. ^ag^-Kfg 1 WA^ff-f-SrA^/ USS 2 cDA^Sg^^ 2 

[ooi 8] lt#^6t;:#5Jl&£&:^&§§fi, §**«3 ©A*fflM|-«:A7j LT, Sgl&t/|g2<^A;rj{f-5§-&ltijifc 

K:Etto«tt*SEift»K*jv^-c. 1HlfEfWIWW#gW^ 1 toVcML^Wt.b, m 1 ©A^SSfl:l2 WA^ift 

W&b LT^S. SrATlU A7j SftfcWf ^&ttmi-?>m 2 0j£g&ft 

[0019] m#« 7 ic««iEiisflr«(i. * , awe* 1 wjttt^at atnajB 2 ©jt«^a©-t*u-e 

SrA^t-S^&A^tHlggi:, r coiflijl&AAlHlSS^ *t©/h«*3ffl»Sr«l«i-55pJ»»J»#gl:i:, »l«>Jfc« 

ffi^THfftHi^/iiKff^-^fi^^co^-^^v Km^-tc [0021] en&kr hy^it^fmwsm^ i. vmmmm. 

i^T, flulE^l *J J:T>*S?2CDJ12£Sc^&£ff«:, ^lcoA EE#ttj 14, "Analysis and Design of Analog Integra 

J3iE%rbm2<DAMg-flrb&Xjl^ Ztlbmi&£U 30 tedCi rcuits" cofl 3 jSfdIEi!! LTfc5 b 33 <Q , TISxC 

*2 0flr#Sr*^L.T-&*flr*4rm*-J-5«*6-fiK^S* (4) ifc*. 

Vod = a IeeRc tanh (-Vid/2Vi ) ••• (4) 

iSfc (saturation current) Is Id mm 02*«bo#) ^feojt®^ ±5$; (4) 14, 

Vod = a IeeRc tanh { (-Vid-Voff / 2 Vt ) } ••• (5) 
Jt5£ (5) |d*5tt5Voff te, 

Vof f =Vt In { (Is —A I s 
Ufc^oT, A^ff^-VidlC^«>V 0 ff 



bmt>TtZ><, fcfcL, 



T*3<t r± is j «)»3S*iT*>tH-*-r <t^T-#5 0 
[0 0 2 2] |ft*«3 K:ffi£ja&ft£^<DlffjAtt:, fcfc 
t^Sro^3tf^{Cj;oT2J!fcffi2g:gl|3l^.*s%^-r5 40 

*^3!l J ?-<o^e^2ocoJt«JSit?^^P— fd/i 

5r t 2&i : Eis^M^tB73$ti-So 2 

ootfc«E»©/J%flr*fiJ»SrftiJ»-t-5 - i Id J; oT, J*« 
5. 

[0 0 2 3] 



) / (Is -A Is ) } - (6) 

<o»m^mmmmt^^xwLm-r?>o m 1 it^%m<om 
fc 2 ooflrtt^t s*f**f a 1 0 1, 

ot, a«fWR**tfc-§-fiRflj-J5-ro»^©jaS[Sk*»»©* 
Srf{t)tB-r7-f ;u^ff 3 0 b, wi5&&l&{t-%-\Z.W.ffi* 

[0 0 2 4] mftEfH-^-a-^^S 1 0 (4, mi OA^{f ^- 
t LTiSSJl^ft-^SrATJb, ^2cOA^{f-§-t LT^g|5 
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[0 0 2 5] 02 tt*J8WO» 1 XttTBttl^ttSflttft 

t\ ff-5§-<&j&[Ug§ (*»)■ l Ott, -tix-etb©^— 
K»8«#**#t|&S*bS H9^^*Tr10*5j:t/Tr11 

^jWIOTE h7V^^Tr10*5itfTr1lO=i i^*Ui*:*L 
^ettgiBESttS h^>-^^Tr12*3j:t>*Tr13i:, 

[0026] mmfflmmm\B\& (*«) 2 0 r±, mils h 

Off^^^-^l^t^ h9 Vv>*^Tr20i:, F7> 
isxfilrW iTM3<£>=i • ^ S y *re<D^|fc/&<Z>{i 

9 >is**lr2Q(D=i ufjncfrCD^— x#&8E£ti1t h 

ZtD^—xtftefStZtiti h^>-^**Tr23<>:, StrfS h 9 

fits h 9 ^^^^Tr2203i * <y9\z&WL 
&fttz3£m>MW,2 2 BUf2 h9 V^**Tr23<3D^ y 

[0 0 2 7] itfrE^wvu^&i: UTOigi^iiig^^yU 
^3 0it Sfet^^LTmIISh7^v ? ^^Tr22<b^m»ft 

Sr^bTWIS V^^Tr23fc3e«agJK2 3 ifc Ogi 

[0 0 2 8] ^-^iry hl«fg4 Of*, v'-f v^/W) 
*7±y MMW»#*:«*aE*»c*lfcLTai*U, ff# 
^ricElBSl Oom^td^o^T^^ir y hSEE^r^*^^ 

^^^^ y^mM*:*^" *7i~%^ ^aoTW 
[0 0 2 9] JSfetw. *38WO«3*lfi^ffi^«SJa«» 

»*SElM»©«j*«r«i-ia»BI-cfc*. :^3» 
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l9 777 p ^W<-^ ( ^ttfflv^^C(^ 1 {)t^5o ID 3 \c 

oa^ ffim&f&m*<Dmm*mm -mm-tztmcm 

«»JRii«IIMS2 OA*. r(D^*I$iJPSit*S[ElS§cr)aS^ 

(BPF— Band Pass Filter—) 30Ak, tJEfS^-fr 
figleJSSl 0 A<DmtHzmffi*7± y h ZWlVtZ^y'te 
JO y M+aniHlgg 40Ak, £H1;L-CV>5 0 

[0 0 3 0] rofR3lll6»IIJi:«««tt*3EtM»oS 

HI3(c:^^T, {f-^^lHlKi 0 Ali, ^&«§^{f-§* 

(Lo— Local — ) AASr-tix-e*L(03i5 y ^MgttA 
tt5— *fO h7y^^Tr 6*5iWTr7 ^^h9>- 

20 [0 0 3 1 ] ^*M©JPg(H]Sg2 0 Al*. h^Vv^^Tre 
*5 i t>*Tr 8 (DZrti^tKD m<D&ffi&tiitj&*:<D 
s<— xicm$£tiZ> N7>v ? ^^Tr24t, h7^^ 
Tr 7 *5 JztfTr 9 o^rtt^ttOa ^ BB^»«jSa**s 

[0 0 3 2] 1fHjcffiiS:7>ryU* (BPF) 3 OAlt H 
BTy^MtS-^ h^>'> ? ^^Tr24^J:r/Tr25 

[0 0 3 3] ^-^iry hf«fg4 OAlt A^^tL/c 
fVv 5 ^ /\sm^r<DJr71? y hfflffft ^7to ^®JEtC 

f ftt^f-r • rt p M4 5 k , t^v^ 

4 6 J:^9«^;^tLTv^s 0 
4 OACi !9 h^^^x^Tr24^J:t> + Tr25J: t9«/*$^ 

[0 0 3 4] ^tc. **WoJB4SWK^»^«5Jaa6* 
*«»lcov^ia4*#BRL*^feBlMi-S. r.^^4 
HlfiJBffitt, »*«3*c»5fl«*«««S^fflaLTVN 
So IS4tt®4Sllf6^llS*C«5»tt*ffi«^0«fia** 

50 l<OJt««l 6 m2(Dit^l 7 t, Z-ftbmite 
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2 <D^m^w&&mmirzm'&mm^& s o t , & 
[0035] mmm i <Dvm%s i6it mi oa^w 

}cmi^A^{f^£ LTcORFft^A^U g20A 
2 (DA^ff f ^ LTO L o ft ^-IrA* A 

ftLTOLoimA^U 12^^^ 1 CO. 70 

[0036] Bufs^j#*jt»^a son mi <»\mm i 

?iJ#$iJWf-g-^S^VM:mi^J:^2^it^l 

[oo3 7] ^<Dm4mmwm<Dmm^m^K hism 

lc*5i^T. »i l 6*5j;tf*2<oJi:««i 7 t 

mi cojfctfcgl 612. -»Oh7^^^Tr14*3j: 
T>Tr15tcJ:«9#^^n^M»*I-l 2t, h^v^^Tr 

i4c7)-<-^^RFA^ffiT-i 5 a t<omwt&tcmmm 

Ztitd l 3 k. *2<z>Jfc|fc»i 7 

tt, h7Vv?^^Tr16^J:t>*Tr17lcJ: 
5i»)Sl8^ h^>-^^^Tr16co-<— ^ ^ *RFA 50 

^s^- 1 5 b tcomm^mmm^titz^ 9 1 
tL^ttco^ 5 y ? (nmmm-\^mmffiM 5 1 asg&Ks 

v^5o «T^««fEjH5 1*3J:T>*5 2 tctefiJ#ftJ$i3M£ 5 0 
[00 3 8] «±0*Jd«C*51r vC, fUWWff ^ft 5 0 f± 

*«**Sri:*cJ:5»Jl8-t-5ri:*SprtBt*a. rco 
RS^^UlfiJfllSrTrfs r. i tc £ 19 ^ffi^j £ ltcd^ 

[0 0 3 9] ±IB»4 0|tlfi«ll8*C«S»ft5»iNB4« 
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*>9. Lttfot, ^1 ^£0^2 coital 6*5j;tf 

1 7 ^i/*?mmm^fr^ft2ft^^mrtbth 

[0 0 4 0] H6^*3V^T, mi^it^Sl 6J2, 

i2Bi, -n^o^^ y^PfloSJR^SiBcStufcpr 
8iiSl5 1 Srffllx., h7^^ii*H2A 
— *t<£> h^v^TrHA ^itfTrlSA t:£9«/£ 
£*K ^Tr14A (O^-^ttRFAASfi 5 

fcfco h^v^^TrHB *5j:OTr15B ^J:«9«^c^tt, 

[004 1] £/c, m 2 tf>jfc«S 1 7 — *fcO h 7 V 
^^^Tr16A *5±VTr17A f£ J: 19 i^SW h 9 

^SHKSix*:praE«*«5 2 At. -^h^y^^ 
Tr16B £>£t><Trl7B ^it)«fi8^ix5 h 7 Vv^^HWj 
»18Bt h^^v^^TMSB *3J:OT>17B co^5; y 
^f«i^^Itiffi5 2B^ KJ:»9«jfcS 
*U h^:^x^Tr16A:ioJ:t>*Tr16B O-tJx-PtbO^— 
^ttffi?iJS8BIS*tr / *RFAM^l 5 bfcSSHEiStL 

[0 0 4 2] «I»I5 1A, 5 IB, 5 2A^«t^ 

AMtLofcitf* Loat h^v^^Tr15A , 
Tr15B , Tr17A *5<tt/Tr17B 0-tjx-€fjxeo^<— 

^Wm^-tZ ^k\cJ£Z>j)K *iJ#*J»^S:5 0Sr4»x: 
[0 0 4 3] ^(-, *«M©jB7StlK««(c«sjatt* 

^-t\B}&mx*£>z> 0 gj^jo^r, *i(oa:ft»i6tt, 

-«*cd h7>-v>^^Tr14*5J:T^Tr15^J: DfltaJESixS 18 
*b*H 2 h 7 >v?^ ^TrH^-^ t R F A^S^ 

isa h<Dmm&^mmwt£thfc<< 1 3 

m2cojrfc^^i 7(i, — #tco h7^^^Tr16 
*3J:LKTr17tciJ:!9«^:$jxS^»S*l 8 fc, h7^ 
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// 

* Tr16©-<-^. b * R F A^ffi^- 15bi ©g^L&l-afc 

rttfclf 1 6 ?13i v 12 (75 tfclSSi 17©^ 

Vod = a I ee Rc tanh { 
b&t>1-- b&XZ Z><DX\ /J»flr*fU»ttS: (7) SrV 

odt«t5riia(5 rvid = oj tfct^tot/i 

a v od _ 
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[0 0 4 4] lWIES!E»*t<0-tix-Pn»c*J»t5A*«E b 
ffi;*i1S]£<£> BStttt, T* (7) ©J;?K, 

* 

(-Vid-Voff /2Vt ) } ••• (7) 

r<C*>t>. T5£ (8) ©±5^45. 

" 1 EE" C < s > 



d Vi d cosh* 
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